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FIG.4
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LIQUID CRYSTAL DISPLAY DEVICE, AND
LIGHT SOURCE DRIVING CIRCUIT AND
METHOD TO BE USED IN SAMEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and a light source driving circuit and method to be
used 1n the liquid crystal display device, and more particu-
larly to the liquid crystal display device having a function,
such as a multi-sync function, of operating in a case when
frequencies of a vertical sync signal and horizontal sync
signal contained 1n a video input signal are changed whenever
necessary, and the light source driving circuit and the light
source driving method to be respectively used 1n the liquad
crystal display device.

The present application claims priority of Japanese Patent
Application No. 2004-136331 filed on Apr. 30, 2004, which 1s
hereby incorporated by reference.

2. Description of the Related Art

In a liquid crystal display device, as a light source (for
example, a backlight) to illuminate a liquid crystal panel, a
discharge lamp such as a cold cathode tube 1s used 1n many
cases. The discharge lamp 1s 11t when a high-voltage alternat-
ing current 1s fed. The high-voltage alternating current is
produced by a resonant circuit made up of an inductor of a
transformer 1n an verter and a capacitor, and efliciency of
the resonant circuit differs depending on a frequency of the
high-voltage alternating current. Higher elfficiency 1s
obtained when the resonant circuit operates 1n the vicinity of
a resonant frequency. Recently, the liquid crystal display
device 1s widely used 1n personal computers, televisions, or a
like, as a screen displaying means and has a function, such as
a multi-sync function, of operating 1n a manner to correspond
to a vertical sync signal and horizontal sync signal with vari-
ous Irequencies. However, the conventional liquid crystal
display device has a problem in that, 1n the case when a
driving frequency of a discharge lamp 1s fixed at a resonant
frequency that enables the resonant circuit to operate 1n an
eificient manner, when frequencies of a vertical sync signal
and horizontal sync signal contained 1n a video mput signal
are changed, flicker and/or fringes caused by interference
with the driving frequency of the discharge lamp are visually
recognized on a display screen of the liquid crystal display
device. To solve this problem, conventional technologies are
proposed.

For example, a backlight driving circuit 1s disclosed in
Japanese Patent Application Laid-open No. 2002-8887 1n
which an oscillation circuit 1 has, as shown in FIG. 15, an L.C
resonant circuit made up of an inductance device and a
capacitance device, and operates at a resonant frequency of
the LC resonant circuit. Then, a driving signal having a reso-
nant frequency of the LC resonant circuit 1s fed from the
oscillation circuit 1 to a backlight 2. Moreover, a horizontal
frequency of an mput video signal “in” 1s detected by a
microcomputer 3 and an oscillation frequency of the oscilla-
tion circuit 1 1s calibrated according to the horizontal fre-
quency. That 1s, 1f the detected horizontal frequency 1s at a
specified threshold value or less, capacitance or inductance of
the above LC resonant circuit 1s switched so that the oscilla-
tion frequency exceeds the threshold value. Also, it the
detected horizontal frequency 1s at a specified threshold value
or more, the capacitance or inductance of the LC resonant
circuit 1s switched so that an oscillation frequency becomes
the threshold value or less and, as a result, the horizontal
frequency 1s switched, however, tlicker and fringes caused by
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2

the interference with a driving frequency of the backlight 2
are not readily visually recognized on a display screen of a
liquad crystal display device.

Also, a liquad crystal display device provided with a back-
light 1s disclosed 1n Japanese Patent Application Laid-open
No. He1 05-113766 which includes, as shown 1in FIG. 16, an
F-V (Frequency-Voltage) converter 11, a voltage controlling
circuit 12, an oscillation circuit 13, a boosting transformer 14,
and a fluorescent lamp (used as the backlight) 15. In the liquid
crystal display device, a frequency of a horizontal sync signal
“c” contained 1n a video signal 1s detected by the F-V con-
verter 11 and an oscillation frequency of the oscillation circuit
13 1s made by the voltage controlling circuit 12 to be variable
according to the detected frequency and a lighting frequency
of the fluorescent lamp 15 through the boosting transformer
14 1s changed. As a result, a flicker caused by interference
between a driving frequency for the liquid crystal display
device and a lighting frequency of the fluorescent lamp (back-
light) 15 disappears from a display screen. Additionally, even
if the lighting frequency 1s changed, a power source voltage 1s
made variable so that luminance of the fluorescent lamp 135
becomes constant.

However, the above conventional technologies have the
tollowing problems. That 1s, 1n the backlight driving circuit
disclosed 1n the Japanese Patent Application Laid-open No.
2002-8887, when a resonant frequency on the transformer’s
primary side of the LC resonant circuit making up the oscil-
lation circuit 1 1s changed, the changed resonant frequency
does not coincide with a frequency on the transformer’s sec-
ondary side, which causes a problem 1n that efficiency of the
L.C resonant circuit 1s degraded.

Moreover, 1n the liquid crystal display device with the
backlight disclosed 1n the Japanese Patent Application Laid-
open No. He1 05-113766, a lighting frequency of the tluores-
cent lamp 15 as backlight 1s changed based on the horizontal
sync signal “c”, whereas the thicker caused by interference
between the driving frequency of the liquid crystal display
device and the lighting frequency of the fluorescent lamp 15
occurs not only due to interference between the lighting fre-
quency of the fluorescent lamp 15 and the horizontal sync
signal “c” used in the liquid crystal display device, but due to
interference between the lighting frequency of the fluorescent
lamp 15 and the vertical sync signal used 1n the liquid crystal
display device. Therefore, even 1f only the horizontal sync
signal “c” 1s detected, ripples are visually recognized 1n some
cases. Also, there 1s a problem 1n that the efficiency of the
oscillation circuit 13 1s degraded due to the change in the
lighting frequency of the fluorescent lamp 15.

SUMMARY OF THE INVENTION

In view of the above, 1t 1s an object of the present invention
to provide a liquid crystal display device which 1s capable of
preventing flicker or fringes 1n a display screen occurring
when frequencies of a vertical sync signal and horizontal sync
signal contained in a video signal input to the liquid crystal
display device are changed.

According to a first aspect of the present invention, there 1s
provided a liquid crystal display device including;

a liquid crystal panel to display an 1image according to a
video 1nput signal;

a light source to illuminate the liquid crystal panel when a
driving pulse voltage 1s applied; and

a light source driving circuit having a resonant circuit con-
taining stray capacitance that the light source has and a reso-
nant capacitor to exercise PWM (pulse width modulation)
light control by applying the driving pulse voltage whose
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frequency 1s set at a value 1n a vicinity of a resonant frequency
of the resonant circuit intermittently to the light source at a
pulse frequency and at a duty ratio set respectively for the
PWM light control; and

wherein the light source driving circuit includes a driving
pulse setting unit to detect a frequency of a horizontal sync
signal and a frequency of a vertical sync signal contained 1n
the video imput signal, to set/change the frequency of the
driving pulse voltage and the resonant frequency of the reso-
nant circuit 1n a manner to correspond to a change in the
frequency of the horizontal sync signal, and to set/change the
pulse frequency for the PWM control in a manner to corre-
spond to a change 1n the frequency of the vertical sync signal.

In the foregoing, a preterable mode 1s one wherein the
driving pulse setting unit sets the frequency of the driving
pulse voltage at a value at which tlicker and fringes caused by
interference between the horizontal sync signal and the driv-
ing pulse voltage are not visually recognized on the liquid
crystal panel and sets the resonant frequency at a value 1n a
vicinity of the frequency of the driving pulse voltage, and sets
the pulse frequency for the PWM light control at a value at
which the flicker and the fringes caused by interference
between the vertical sync signal and a frequency pulse for the
PWM light control are not visually recognized on the liqud
crystal panel.

Also, a preferable mode 1s one wherein the driving pulse
setting unit sets the frequency of the driving pulse voltage at
a value 1n a vicinity of “M+142” times (“M™”: a positive integer)
of the frequency of the horizontal sync signal, the pulse fre-
quency for the PWM light control at a value 1n a vicinity of
“N” times or “N+12” times (“IN”’: a positive integer) of the
frequency of the vertical sync signal, and the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage by adjusting capacitance value of the resonant
capacitor.

Also, a preferable mode 1s one wherein the driving pulse
setting unit sets the frequency of the driving pulse voltage at
a value 1n a vicimity of “M” times (“M”: a positive integer) of
the frequency of the horizontal sync signal, the pulse fre-
quency for the PWM light control at a value 1n a vicinity of
“N” times or “N+%2” times (“IN”: a positive integer) of the
frequency of the vertical sync signal, and the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage by adjusting capacitance value of the resonant
capacitor.

Also, a preferable mode 1s one wherein the driving pulse
setting unit sets the frequency of the driving pulse voltage at
avalue in a vicinity of “M+12” times (“M”: a positive integer)
of the frequency of the horizontal sync signal, the pulse fre-
quency for the PWM light control at a value 1n a vicinity of
“N” times or “N+12” times (“IN”’: a positive integer) of the
frequency of the vertical sync signal, and the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage by adjusting capacitance value of the stray
capacitance.

Also, a preferable mode 1s one wherein the driving pulse
setting unit sets the frequency of the driving pulse voltage at
a value 1n a vicinity of “M” times (“M’””: a positive integer) of
the frequency of the horizontal sync signal and the pulse
frequency for the PWM light control at a value 1n a vicinity of
“N” times or “N+12” times (“IN’’: a positive integer) of the
frequency of the vertical sync signal and the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage by adjusting capacitance value of the stray
capacitance.

According to a second aspect ol the present invention, there
1s provided a light source driving circuit being used for a
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4

liquid crystal display device having a liquid crystal panel to
display an image according to a video mput signal and a light
source to 1lluminate the liquid crystal panel when a driving
pulse voltage 1s applied, and including a resonant circuit
containing stray capacitance that the light source has and a
resonant capacitor to exercise PWM (pulse width modula-
tion) light control by applying the driving pulse voltage
whose frequency 1s set at a value 1n a vicinity of a resonant
frequency of the resonant circuit intermittently to the light
source at a pulse frequency and at a duty ratio set respectively
for the PWM light control, the light source driving circuit
turther including;

a driving pulse setting unit to detect a frequency of a
horizontal sync signal and a frequency of a vertical sync
signal contained 1n the video nput signal, to set/change the
frequency of the driving pulse voltage and the resonant fre-
quency of the resonant circuit 1n a manner to correspond to a
change 1n the frequency of the horizontal sync signal, and to
set/change the pulse frequency for the PWM control 1 a
manner to correspond to a change in the frequency of the
vertical sync signal.

According to a third aspect of the present invention, there 1s
provided a light source driving method being used for a liquid
crystal display device having a liquid crystal panel to display
an 1mage according to a video input signal and a light source
to 1lluminate the liquid crystal panel when a driving pulse
voltage 1s applied, and including: using a resonant circuit
containing stray capacitance that the light source has and a
resonant capacitor, and exercising PWM (pulse width modu-
lation) light control by applying the driving pulse voltage
whose frequency 1s set at a value 1n a vicinity of a resonant
frequency of the resonant circuit intermittently to the light
source at a pulse frequency and at a duty ratio set respectively
for the PWM light control, the light source driving method
turther including;

detecting a frequency of a horizontal sync signal and a
frequency of a vertical sync signal contained in the video
input signal,

setting/changing the frequency of the driving pulse voltage
and the resonant frequency of the resonant circuit in a manner
to correspond to a change 1n the frequency of the horizontal
sync signal, and

setting/changing the pulse frequency for the PWM control
in a manner to correspond to a change 1n the frequency of the
vertical sync signal.

With the above configuration, the driving pulse setting unit
detects frequencies of both the horizontal sync signal and the
vertical sync signal contained in the video input signal,
changes the frequency of the driving pulse voltage for setting
in a manner to correspond to a change in the horizontal sync
signal, also changes the resonant frequency of the resonant
circuit for setting, and changes the pulse frequency for the
PWM light control in a manner to correspond to a change 1n
the frequency of the vertical sync signal and, therefore, even
when changes 1n the frequencies of the horizontal sync signal
and the vertical sync signal occur, visual seeing of thicker and
ripples caused by interference between the driving pulse volt-
age and the horizontal sync signal on the liquid crystal panel
can be suppressed and degradation 1n the efficiency of the
light source can be prevented.

Also, the driving pulse setting unit sets the frequency of the
driving pulse voltage at a value 1n the vicinity of “M+1%2”
(“M”: a positive mteger) times of the frequency of the hori-
zontal sync signal and a pulse frequency for the PWM light
control at a value 1n the vicinity of “N” times or “N+12” times
(“IN”’: a positive integer) of the frequency of the vertical sync
signal and a resonant frequency at a value 1n the vicinity of the
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driving pulse voltage by adjusting capacitance value of the
resonant capacitor and, therefore, even when changes in the
frequencies of the horizontal sync signal and the vertical sync
signal occur, visual seeing of flicker and ripples caused by
interference between the driving pulse voltage and the hori-
zontal sync signal on the liquid crystal panel can be sup-
pressed and degradation 1n the efficiency of the light source
can be prevented. Moreover, even when the driving pulse
setting unit sets the frequency of the driving pulse voltage at
a value 1 the vicinity of “M” times (“M”: a positive integer)
of the frequency of the horizontal sync signal, the same eflect
as above can be obtained.

Moreover, the driving pulse setting unit sets the frequency
of the driving pulse voltage at a value 1n the vicinity of
“M+147 times (“M”: a positive integer) of the frequency of the
horizontal sync signal and a pulse frequency for the PWM
light control at a value 1n the vicinity of “N” times or “N+12”
times (“IN’: a positive integer) of the frequency of the vertical
sync signal and a resonant frequency at a value 1n the vicinity
of the driving pulse voltage by adjusting capacitance value of
the stray capacitance and, therefore, even when changes in the
frequencies of the horizontal sync signal and the vertical sync
signal occur, visual seeing of flicker and ripples caused by
interference between the driving pulse voltage and the hori-
zontal sync signal on the liquid crystal panel can be sup-
pressed and degradation 1n the efficiency of the light source
can be prevented. Moreover, even when the driving pulse
setting unit sets the frequency of the driving pulse voltage at
a value 1 the vicinity of “M” times (“M”: a positive integer)
of the frequency of the horizontal sync signal, the same eflect
as above can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the follow-
ing description taken in conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a schematic block diagram showing electrical
configurations of a liquid crystal display device according to
a first embodiment of the present invention;

FIG. 2 1s a schematic block diagram showing electrical
configurations of a frequency detecting circuit employed 1n
the liquad crystal display device of FIG. 1;

FIG. 3 1s a schematic block diagram showing an oscillator,
transformer driving section and transformer, which i1s the
diagram extracted from FIG. 1;

FIG. 4 1s a schematic block diagram showing electrical
configurations of a resonant capacitor of FIG. 1;

FIG. 5 1s a diagram showing easiness of seeing of flicker
and Iringes occurring when a frequency of a driving pulse
voltage 1s changed;

FI1G. 6 15 a diagram showing easiness of seeing interference
fringes occurring when a frequency of a horizontal sync sig-
nal 1s set at “th2”’;

FIG. 7 1s a schematic block diagram showing electrical
configurations of a liquid crystal display device according to
a second embodiment of the present invention;

FIG. 8 1s a schematic block diagram showing electrical
configurations of a frequency detecting circuit employed 1n
the liquad crystal display device of FIG. 7;

FI1G. 9 1s a diagram showing a relation among a frequency

of a driving pulse voltage, a source voltage, and a current to be
output from a secondary side of a transformer;

FIG. 10 1s a diagram showing a relation between a source
voltage and luminance efficiency of a discharge tube;
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FIG. 11 1s a diagram showing a relation between the source
voltage and luminance efficiency of the discharge tube;

FIG. 12 1s a schematic block diagram showing another
example of electrical configurations of the liquid crystal dis-
play device;

FIG. 13 1s a schematic block diagram showing another
example of electrical configurations of the liquid crystal dis-
play device;

FIG. 14 1s a schematic block diagram showing another
example of electrical configurations of a resonant capacitor;

FIG. 15 1s a diagram 1llustrating main components of a
backlight driving circuit used 1n a conventional liquid crystal
display device disclosed 1in Japanese Patent Application Laid-
open No. 2002-8887; and

FIG. 16 1s a diagram showing main components of another
conventional liquid crystal display device provided with a

backlight disclosed 1n Japanese Patent Application Laid-open
No. He1 05-1137766.

PR.

(L]
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

Best modes of carrying out the present mvention will be
described 1n further detail using various embodiments with
reference to the accompanying drawings. A liquid crystal
display device 1s provided in which frequencies of a horizon-
tal sync signal and vertical sync signal contained 1n a video
input signal are detected, a frequency of a driving pulse volt-
age to be fed to a light source 1s set at a value at which flicker
and Iringes caused by interference between the horizontal
sync signal and the frequency of a driving pulse voltage are
not visually recognized on the liquid crystal panel, and a pulse
frequency for PWM (Pulse Width Modulation) light control
to be fed to the light source 1s set at a value at which the flicker
and fringes caused by interference between the vertical sync
signal and the frequency pulse for the PWM light control are
not visually recognized on the liquid crystal panel and a
resonant frequency of a resonant circuit 1s set at a value 1n the
vicinity of the frequency of the driving pulse voltage.

First Embodiment

FIG. 1 1s a schematic block diagram showing electrical
configurations of a liquid crystal display device of a first
embodiment of the present invention. The liquad crystal dis-
play device of the first embodiment includes a liquid crystal
panel 21, a data electrode driving circuit 22, a scanning elec-
trode driving circuit 23, a controlling section 24, a frequency
detecting circuit 25, an oscillator 26, a light controlling circuit
(dimmer circuit) 27, a power supply circuit 28, a transformer
driving section 29, a transformer 30, a resonant capacitor 31,
a discharge tube 32, and a stray capacitance 33. In the liquid
crystal panel 21, scanning signals “OUT” are sequentially
applied to a scanning electrode (not shown) and correspond-
ing pixel data “D” are applied to a data electrode (not shown)
and, as a result, corresponding pixel data “D” are applied to
corresponding liquid crystal cells (not shown) and modula-
tion 1s performed on an illuminating light “P”” fed from the
discharge tube 32 in a manner to correspond to a display
image. The data electrode driving circuit 22 applies a voltage
corresponding to pixel data “D”, according to a video 1nput
signal “VD?”, to each data electrode (not shown) of the liquad
crystal panel 21. The scanning electrode driving circuit 23
applies scanning signals “OUT” to each scanning electrode
(not shown) of the liquid crystal panel 21 1n a one-pass scan-
ning manner. The controlling section 24 transmits a control
signal “a” to the data electrode driving circuit 22 according to
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the video input signal “VD” and a control signal *“b” to the
scanning electrode driving circuit 23. Also, the controlling
section 24 transmits a horizontal sync signal “c” and vertical
sync signal “d” contained 1n the video input signal “VD” to
the frequency detecting circuit 25.

The oscillator 26 1s made up of, for example, a VCO (Volt-
age Controlled Oscillator) (not shown) and produces an out-

put signal “q” with a frequency according to a discharge tube

driving frequency setting signal “e” fed from the frequency
detecting circuit 25. The light controlling circuit 27 produces
a control signal “w” having a duty ratio that has been set

according to a frequency and duty ratio setting value deter-

mined according to a PWM (Pulse Width Modulation) fre-
quency setting signal “g” fed from the frequency detecting
circuit 25 and exercises PWM light control. The power supply
circuit 28 feeds a power source “VC” to the transformer
driving section 29 and a primary side 30p of the transformer
30. The power source “VC” 1s fed to the transformer driving
section 29, which produces an output signal “r” to drive the
transformer 30 using the signal “q’” output from the oscillator
26 according to the control signal “w” fed from the light
controlling circuit 27 and outputs the output signal “r” on the
primary side 30p of the transformer 30. The power source
“VC” 15 fed on the primary side 30p of the transformer 30.
The primary side 30p and a secondary side 30s of the trans-
tormer 30, the stray capacitance 33, and the resonant capaci-
tor 31 make up a resonant circuit. The resonant circuit reso-
nates in combination with the primary side 30p and the
secondary side 30s of the transtormer 30, the stray capaci-
tance 33, and the resonant capacitor 31, and produces a driv-
ing pulse voltage “z”. The resonant capacitor 31 1s a variable
capacitor that can change its capacitance value 1n response to
a capacitance setting signal “u” fed from the frequency
detecting circuit 25. The discharge tube 32 1s made up of, for
example, a cold cathode tube (not shown) or a like and emuts
light when a driving pulse voltage “z” 1s applied thereto and
applies 1llumiating light “P” to the liquid crystal panel 21
through a light guiding plate (not shown) or a like. The stray
capacitance 33 1s formed between wirings to connect the
secondary side 30s of the transformer 30 and the discharge
tube 32. In addition, when the discharge tube 32 1s lit and the
conductive plasma occurs 1n the discharge tube 32, an elec-
trostatic capacitance between the plasma and a conductive
reflecting mirror (not shown) 1s produced, which increases
capacitance value of the stray capacitance 33.

The frequency detecting circuit 235 detects frequencies of
both the horizontal sync signal “c” and the vertical sync signal
“d” and produces a discharge tube driving frequency setting
signal “e” corresponding to the frequency of the horizontal
sync signal “c” to transmit the produced discharge tube driv-
ing frequency setting signal “e” to the oscillator 26 and pro-
duces a capacitance setting signal “u” to transmit the pro-
duced capacitance setting signal “u’ to the resonant capacitor
31 and also produces a PWM frequency setting signal “g”
corresponding to the frequency of the vertical sync signal “d”
to transmit the produced vertical sync signal “d” to the light
controlling circuit 27. In the frequency detecting circuit 25 of
the embodiment, a frequency of the driving pulse voltage “z”
1s set at a value at which flicker and fringes caused by inter-
ference between the horizontal sync signal “c” and driving
pulse voltage “z” are not visually recognized on the liquid
crystal panel 21 and a resonant frequency of the resonant
circuit 1s set at a value 1n the vicinity of the frequency of the
driving pulse voltage “z” and a pulse frequency for PWM
light control 1s set at which flicker and fringes caused by
interference between the vertical sync signal “d” and the
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pulse frequency for PWM light control are not visually rec-
ognized on the liquid crystal panel 21.

For example, the frequency detecting circuit 23 sets a {re-
quency of the driving pulse voltage “z” at a value 1n the
vicinity of “M+%2” times (“M”: a positive integer) of a fre-
quency of the horizontal sync signal “c” and the pulse fre-
quency for the above PWM light control at a value in the
vicinity of “N” times or “N+12” times (“N’”: a positive inte-
ger) of the vertical sync signal “d” and a resonant frequency
at a value 1n the vicinity of the driving pulse voltage “z” by
adjusting (calibrating) capacitance value of the resonant
capacitor 31. Alternatively, the frequency detecting circuit 25
sets a frequency of the driving pulse voltage “z” at a value 1n
the vicity of “M” times (“M™: a positive integer) of the
frequency of the horizontal sync signal “c” and the pulse
frequency for the above PWM light control at a value in the
vicinity of “N”” times or “N+12” times (“N”: a positive inte-
ger) of the frequency of the vertical sync signal “d” and the
above resonant frequency at a value 1n the vicinity of the
driving pulse voltage “z” by adjusting capacitance value of
the resonant capacitor 31.

FIG. 2 1s a schematic block diagram showing electrical
configurations of the frequency detecting circuit 25 employed
in the liquid crystal display device of FIG. 1. The frequency
detecting circuit 25, as shown 1n FIG. 2, includes a frequency/
voltage converting circuit 41, a voltage detecting circuit 42, a
reference voltage source 43, a comparator 44, a frequency/
voltage converting circuit 45, and a voltage detecting circuit
46. The frequency/voltage converting circuit 41 1s made up of
an F-V (Frequency-Voltage) converter (not shown) and con-
verts a frequency of the horizontal sync signal “c” into a
voltage “v41”. The voltage detecting circuit 42 1s made up of,
for example, an LUT (Look Up Table) or a like and produces
the discharge tube driving frequency setting signal “e” at a
level corresponding to the voltage “v41”. The reference volt-
age source 43 produces a reference voltage “Vr” used to
generate a capacitance setting signal “u”. The comparator 44
compares to check whether the discharge tube driving fre-
quency setting signal “e” 1s larger or smaller than the refer-
ence voltage “Vr” and produces the capacitance setting signal
“u”. The frequency/voltage converting circuit 45 1s made up
of an F-V (Frequency-Voltage) converter and converts a Ire-
quency of the vertical sync signal “d” into the voltage “v45”.
The voltage detecting circuit 46 1s made up of, for example, an
LUT or alike and produces the PWM frequency setting signal

L 2

o at a level corresponding to the voltage “v45”.

FIG. 3 1s a diagram showing the oscillator 26, the trans-
former driving section 29 and the transformer 30 which are
extracted from FIG. 1 1n which electrical configurations of the
transformer driving section 29 are shown 1n particular. The
transformer driving section 29, as shown i FIG. 3, 1s made up
of a level shifter 51 and a builer 52. The level shiiter 51

converts the output signal “q” output from the oscillator 26
into a level that causes the transformer 30 to be driven and
produces an output signal “v51” intermittently at a frequency
and a duty ratio obtained according to the control signal “w”
ted from the light controlling circuit 27 (FIG. 1). The butfer
52 inputs the output signal “v51” at high input impedance and
transmits the output signal “r’” at low output impedance on the

primary side 30p of the transtormer 30.

FIG. 4 1s a schematic block diagram showing electrical
configurations of the resonant capacitor 31 of FIG. 1. The
resonant capacitor 31, as shown in FIG. 4, 1s made up of
capacitors 31a and 315, and a switch 31¢, and 1s connected 1n
parallel to the secondary side 30s of the transformer 30. The
capacitor 31a 1s connected 1n series to the capacitor 3156. The
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switch 31¢ 1s connected to the capacitor in parallel and 1s
turned ON/OFF according to the capacitance setting signal
“u”.

FIG. 5 1s a diagram showing easiness of seeing of flicker
and Iringes (ripples) caused by interference between the driv-
ing pulse voltage “z” and the horizontal sync signal “c” occur-
ring when a frequency of the driving pulse voltage “z” 1s
changed with a frequency of the horizontal sync signal “c”
being set at “th1” 1n which a frequency of the driving pulse
voltage “z” 1s plotted as abscissa and easiness 1n seeing of
ripples as ordinate. FIG. 6 1s a diagram showing easiness of
seeing fringes occurring when a frequency of the horizontal
sync signal “c” 1s set at “th2”. A method for driving a light
source employed 1n the liquid crystal display of the first
embodiment 1s described by referring to FIGS. 5 and 6. As
shown 1n FIG. 5, when the frequency of the driving pulse
voltage “z” 1s 1n a region shown by hatch patterns, ripples are
visually recognized on the liquid crystal panel 21. When a
frequency of the horizontal sync signal “c” 1s slightly devi-
ated from a value of a positive itegral multiple “n” (n: a
positive integer) of a frequency “thl”, the ripples are visually
recognized most and no ripples are visually recognized 1n the
region A and region B. For example, in the case of the liquid
crystal panel 21 having a specification of XGA (extended
Graphics Array, resolution being 1024 dotsx 768 dots), the
frequency “th1” 1s equal to about 46 kHz (=frame frequency
60 Hzxthe number of pixels 1n vertical direction 768) and,
when a frequency of the driving pulse voltage “z” 1s about 46
kHzx2 kHz, ripples are visually recognized most.

Also, when the specification of the liquid crystal panel 21
1s switched from XGA to SXGA (Super extended Graphics
Array, resolution being 1280 dotsx1024 dots), the frequency
“1th2” of the horizontal sync signal “c”, as shown 1n FIG. 6, 1s
equal to about 61 kHz (=frame frequency of 60 Hzxthe num-
ber of pixels 1n vertical direction of 1024). In FIG. 6, as 1n the
case of FIG. 5, when the frequency of the driving pulse
voltage “z” 1s 1n a region shown by hatch patterns, ripples are
visually recognized on the liquid crystal panel 21. When a
frequency of the horizontal sync signal “c” 1s slightly devi-
ated from a value of a positive integral multiple “m” (*“m” 1s
a positive integer) of a frequency “th2”, the ripples are visu-
ally recognized most and no ripples are visually recognized in
the region C and region D. When a frequency of the driving
pulse voltage “z” 1s about 61 kHz+2 kHz, ripples are visually
recognized most (where, “m” 1s a positive integer).

In the method for driving the light source, frequencies of
the horizontal sync signal “c” and the vertical sync signal “d”
contained 1n the video mput signal “VD” are detected by the
frequency detecting circuit 25 and a frequency of the driving
pulse voltage “z” 1s set at a changed value and a resonant
frequency 1s set at a changed value in a manner to correspond
to a change 1n the frequency of the horizontal sync signal “c”
and the pulse frequency for the PWM light control PWM light
control exercised by a light controlling circuit 27 1s set at a
changed value 1n a manner to correspond to a change in the
frequency of the vertical sync signal “d”.

That 1s, the frequency “thl” of the horizontal sync signal
“c”” and the frequency “1tv1” of the vertical sync signal “d” are
detected by the frequency detecting circuit 25 and the dis-
charge tube driving frequency setting signal ““e” 1s transmuitted
from the frequency detecting circuit 235 to the oscillator 26
and the oscillator 26 oscillates to output the output signal “q”
with a frequency “fa”. The frequency “fa” may be any value
so long as the frequency “fa’ 1s within a range labeled in FIG.
5 as Region A, however, from viewpoints ol easiness of
setting frequencies and difficulty in seeing ripples, 1t 1s desir-
ous that the frequency “fa” 1s in the vicinity of the frequency
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of “(n+%2)xth1”. Also, the integral multiple of the frequency
“fa” 1s set at a value in the vicmity of “(L+Y2)xivl” or
“Lxiv1” (L: a positive integer) to avoid interference between
the driving pulse voltage “z” and the vertical sync signal “d”.
The output signal “q” 1s level-shifted by the transformer driv-
ing section 29 and the output signal “r’” 1s transmitted from the
transiformer driving section 29 to the primary side 30p of the
transformer 30. When the output signal “r” 1s mput to the
primary side 30p of the transformer 30, a high-voltage alter-
nating current (driving pulse voltage “z”) 1s applied by a
resonant circuit made up of the secondary side 30s of the
transformer 30, the resonant capacitor 31, and the stray
capacitance 33 from the secondary side 30s of the transformer
30 to the discharge tube 32 which 1s lit. At this time, the
capacitance setting signal “u” 1s input from the frequency

detecting circuit 25 to the resonant capacitor 31, and the
switch 31c shown in FIG. 4 15 1n an OFF state.

In this case, capacitance C1 of the resonant capacitor 31 1s
in the vicinity of a value that satisfies a following equation:

Ja=1/[2x{L(C1+C2)}']

where L denotes inductance of secondary side 30s of trans-
former 30 and C2 denotes capacitance value of the stray
capacitance 33. Moreover, 1n a state 1n which the output signal
“q” with a frequency “fa” has been output from the oscillator
26, the PWM frequency setting signal *“g” 1s transmitted from
the frequency detecting circuit 25 to the light controlling
circuit 27 and the control signal “w” 1s transmitted from the
light controlling circuit 27 to the transformer driving circuit
29 and PWM light control 1s exerted at a frequency 1n the
vicinity of the set “(k1+%2)x1v1” or “kl1xiv1” (k1: a positive
integer) and at a duty ratio.

Also, when a frequency “thl” of the horizontal sync signal
“c” 1s changed to be “th2” and the frequency “1v1” of the
vertical sync signal “d” 1s changed to be “1v2” due to switch-
ing of the specification of the liquid crystal panel 21 from
VGA to SXGA for example, the changed frequencies are
detected by the frequency detecting circuit 25 and the output
signal “q” with a frequency of “ib” (fb>1fa) 1s output from the
oscillator 26. The frequency “itb” may be any frequency so
long as the frequency 1s within a range labeled in FIG. 6 as
region C, however, from the viewpoints of easiness of setting
frequencies and difficulty of seeing ripples, it 1s desirous that
the frequency 1s 1n the vicinity of the frequency of “(m+%2)x
th2”. Also, the integral multiple of the frequency “1b” 1s set at
a value in the vicinity of “(L+%2)xtv2” or “Lxtv2” (L: a
positive integer) to avoid interference between the driving
pulse voltage “z” and vertical sync signal “d”. Moreover, 1n
this state, the PWM frequency setting signal “g” 1s transmit-
ted from the frequency detecting circuit 25 to the light con-
trolling circuit 27 and the control signal “w” 1s transmitted
from the light controlling circuit 27 to the transformer driving
circuit 29 and PWM light control is exerted at a frequency 1n
the vicinity of the set “(k2+%2)x1v2” or “k2x1v2” (k2: a posi-
tive iteger) and at a duty ratio. In this case, the capacitance
setting signal “u” 1s input from the frequency detecting circuit
235 to the resonant capacitor 31 and the switch 31¢ shown 1n
FIG. 4 1s putinto an ON state. At this time, the capacitance C3
of the resonant capacitor 31 is 1n the vicinity of a value that

satisfies a following equation:

fo=1/[2n{L{C3+C2)}1*]

A - B

Also, when a frequency of the driving pulse voltage “z” 1s
set at an “n’” (a positive integer) times of a frequency “thl” of
the horizontal sync signal “c” or at a value 1n 1ts vicinity (for
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example, about “nxthl+] kHz”), the capacitance C1 of the
resonant capacitor 31 1s 1n the vicinity of a value that satisfies
a Tfollowing equation:

nxfh1=1/[2n{L(C1+C2)} "]

where L. denotes an inductance value of the secondary side
30s of the transformer 30 and C2 denotes capacitance value of
the stray capacitance 33.

Also, when a frequency “th1” of the horizontal sync signal
“c””1s changed to be “th2” and a frequency of the driving pulse
voltage “z” 1s changed to be an “m” (a positive integer) times
of the frequency th2 or a value 1n 1ts vicinity (for example,
about “mxth2+1 kHZz”) due to switching of the specification
of the liguid crystal panel 21 from VGA to, for example,
SXGA, the capacitance C3 of the resonant capacitor 31 1s 1n
the vicinity of a value that satisfies a following equation:

mxfh2=1/2a{L(C3+C2)} ']

As described above, 1n the first embodiment, the frequency
detecting circuit 23 sets the frequency of the driving pulse
voltage “z” at a value 1n the vicimity of “M+V2” times (“M”: a
positive integer) of the frequency of the horizontal sync signal
“c””, the pulse frequency for the PWM light control at a value
in the vicinity of “N” times or “N+14” times (“N”": a positive
integer) of the frequency of the vertical sync signal “d” and
the resonant frequency at a value 1n the vicinity of a frequency
of the driving pulse voltage “z” by adjusting capacitance
value of the resonant capacitor 31 and, therefore, even 1f a
change occurs 1n a frequencies of the horizontal sync signal
“c” and vertical sync signal “d”, visual seeing of tlicker and
ripples caused by reference between the driving pulse voltage
“z” of the discharge tube 32 and the horizontal sync signal “c”
on the liquid crystal panel 21 can be suppressed and degra-
dation 1n efficiency of the discharge tube 32 can be prevented.
Moreover, even when the frequency detecting circuit 23 sets
a frequency of the driving pulse voltage “z” at a value 1n the
vicinity ol a positive integral multiple of a frequency of the
horizontal sync signal “c”, the same advantages as above can
be obtained.

Second Embodiment

FIG. 7 1s a schematic block diagram showing electrical
configurations of a liquid crystal display device according to
a second embodiment of the present invention. In FIG. 7,
same reference numbers are assigned to components having
same functions as those in the first embodiment shown 1n FIG.
1. In the liquid crystal display device of the second embodi-
ment, as shown in FIG. 7, mstead of a frequency detecting,
circuit 25, a power supply circuit 28, a resonant capacitor 31,
a Irequency detecting circuit 25A, a variable power supply
circuit 28 A, and a resonant capacitor 31 A all having configu-
rations different from those 1n the first embodiment are pro-
vided. The variable power supply circuit 28 A applies a power
source “VC” to a transformer driving section 29 and a pri-
mary side 30p of a transformer 30 in response to a voltage
setting signal “y” fed from the frequency detecting circuit
25A. The resonant capacitor 31A 1s a capacitor whose capaci-
tance 1s set at a specified value. The frequency detecting
circuit 25A has, instead of the function of producing a capaci-
tance setting signal “u”, a function of producing the voltage
setting signal “y”” and transmitting the voltage setting signal
“y” to the varniable power supply circuit 28A. In the second
embodiment in particular, the frequency detecting circuit
25A sets a resonant frequency ol a resonant circuit (not
labeled) at a value 1n the vicinity of a frequency of a driving
pulse voltage “z” by setting the power source “VC” to be fed
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from the variable power supply circuit 28 A to the primary
side 30p of the transformer 30 1n a manner to be variable
according to the voltage setting signal “y”.

For example, the frequency detecting circuit 25A sets a
frequency of the driving pulse voltage “z” at a value 1n the
vicinity of “M+%2” times (“M”: a positive 1nteger) of a fre-
quency of a horizontal sync signal “c’ and a pulse frequency
for a PWM light control exercised by a light controlling
circuit 27 at a value in the vicinity of a positive integral
multiple or “positive mteger+Y2” times of a vertical sync
signal “d” and a resonant frequency at a value in the vicinity
of the driving pulse voltage “z” by making a voltage to be fed
to the resonant circuit (not shown) variable to calibrate
capacitance value of a stray capacitance 33. Moreover, the
frequency detecting circuit 25A sets a frequency of the driv-
ing pulse voltage “z” at a value 1n the vicinity of a positive
integral multiple of the horizontal sync signal “c” and the
pulse frequency for the above PWM light control exercised by
the light controlling circuit 27 at a value 1n the vicinity of a
positive integral multiple or “positive integer+ 2" times of the
vertical sync signal “d” and the above resonant frequency at a
value 1n the vicinity of the driving pulse voltage “z” by mak-
ing a voltage to be applied to the resonant circuit (not shown)
variable to calibrate capacitance value of the stray capaci-
tance 33. Other operations are the same as those shown in
FIG. 1.

FIG. 8 1s a schematic block diagram showing electrical
configurations of a frequency detecting circuit 25 A employed
in the liquid crystal display device of FIG. 7. In FIG. 8, same
reference numbers are assigned to components having same
functions as those 1n the first embodiment shown 1n FIG. 2.

In the frequency detecting circuit 25A of the second
embodiment, as shown 1n FIG. 8, instead of a reference volt-
age source 43 and a comparator 44, a reference voltage source
43 A and a comparator 44 A all having configurations different
from those 1n the first embodiment are provided. The refer-
ence voltage source 43A produces a source voltage “VrA”
used to generate the voltage setting signal “y”. The compara-
tor 44 A compares to check whether a discharge tube driving
frequency setting signal “e” 1s larger or smaller than a refer-
ence voltage “VrA” and produces the voltage setting signal
“y”. Other operations are the same as those shown in FIG. 2.

FIG. 9 1s a diagram showing a relation among the fre-
quency of the driving pulse voltage “z”, the power source
“V(”, and a current to be output from a secondary side 30s of
the transformer 30. FIGS. 10 and 11 are diagrams each show-
ing a relation between voltage of the power source “VC” and
luminance efficiency of a discharge tube 32.

A method for driving a light source employed in the liquid
crystal display device of the second embodiment of the
present invention 1s described by referring to FIGS. 9, 10, and
11. The method for driving the light source of the embodi-
ment differs from that employed 1n the first embodiment in
the following points. That 1s, when a frequency of the hori-
zontal sync signal “c” 1s “th1” and a frequency of the vertical
sync signal “d” 1s “tv1”, a frequency “1a” of the driving pulse
voltage “z” 1s set at a value 1n the vicinity of “(n+2)xth1” by
the frequency detecting circuit 25A and the discharge tube 32
1s lit and, at this time, the voltage setting signal “y” 1s fed from
the frequency detecting circuit 25A to the variable power
supply circuit 28 A and the power source “VC” based on the
voltage setting signal “y” 1s output from the variable power
supply circuit 28A.

Here, when the frequency “thl” of the horizontal sync
signal “c” 1s changed to be “th2” and the frequency “1v1” of
the vertical sync signal “d” 1s changed to be “1v2” by switch-
ing of specification of a liquid crystal panel 21 from XGA to,
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for example, SXGA, the frequency of the driving pulse volt-

age “z”1s setat “1tb”. Atthis time, as shown in F1G. 9, a current
being output from the secondary side 30s of the transformer
30, versus a voltage of the power source “V(C”, differs
depending on whether the frequency of the driving pulse
voltage “z” 1s high (in the case of the frequency “1b”) or low
(in the case of the frequency “fa’) and, therefore, an amount
of plasma occurring inside the discharge tube 32 changes and
capacitance value of the stray capacitance 33 changes
depending on the voltage of the power source “VC”. The

resonant frequency “1” 1s given by a following equation:

=1 Ra{L(C+CH} 2]

where L denotes an inductance component on the secondary
side 30s of the transformer 30, C denotes capacitance of the
resonant capacitor 31 A and Ci denotes capacitance value of
the stray capacitance 33. Due to changes 1n the capacitance
value CI of the stray capacitance 33, the resonant frequency
“1” changes by voltage of the power source “VC”.

Therefore, as shown 1n FIG. 10, 1n the relation between the
voltage of the power source “V(C” and luminance eificiency
(luminance of the discharge tube 32 divided by the voltage of
the power source “V(C”), when a frequency of the driving
pulse voltage “z” 1s “fa”, the power source “VC” of an opti-
mum voltage “Va” having a highest luminance efficiency 1s
output from the variable power supply circuit 28 A. The volt-
age “Va”, as shown 1n FIG. 9, 15 a voltage at which an output
current from the secondary side 30s of the transformer 30
becomes a specified current value I. Moreover, when a fre-
quency of the driving pulse voltage “z” becomes “ib”, the
power source “VC” of a voltage “Vb” having highest lumi-
nance eificiency 1s output from the variable power supply
circuit 28 A. The voltage “Vb”, as shown1n FI1G. 9, 1s a voltage
at which an output current on the secondary side 30s becomes
the above current value I.

Furthermore, when a frequency of the driving pulse voltage
“7” 1s set at a ] (positive mteger) times or at a value (for
example, about 1xth1+1 kHz”) 1n its vicinity of the frequency
“th1” of the horizontal sync signal *“c”, the relation between
the voltage of the power source “VC” and luminance effi-
ciency (luminance of the discharge tube 32 divided by the
source voltage “V(C”) of the discharge tube 32 becomes what
i1s shown 1n FIG. 11, 1n which, when the frequency of the
driving pulse voltage “z” 1s “yxth1”, a voltage “VA” having
highest luminance efliciency 1s output from the variable
power supply circuit 28A. The voltage “VA” 1s a voltage at
which an output current on the secondary side 30s becomes a
specified current value I (as in the case shown in FIG. 9).
Furthermore, the frequency “th1” of the horizontal sync sig-
nal “c” 1s changed to be “th2” and the frequency “iv1” of the
vertical sync signal “d” 1s changed to be “1v2”, and 1n a case

in which a frequency of the driving pulse voltage “z” 1

Z 1S set at
an 1 (positive integer) times or 1n 1ts vicinity (for example,
about 1xth2+1 kHz”) of the frequency “1th2” of the horizontal
sync signal “c”, when the frequency of the driving pulse
voltage “z” 1s “1x1h2”, a voltage “VB” having highest lumi-
nance eificiency 1s output from the variable power supply
circuit 28A. The voltage “VB”, as same as 1n the case shown
in FIG. 9, 1s a voltage at which an output current on the
secondary side 30s becomes the above current value 1.

As describe above, 1n the second embodiment, the fre-
quency detecting circuit 25A sets a frequency of the driving
pulse voltage “z” at a value 1n the vicinity of “positive inte-
ger+1/2” of a frequency of the horizontal sync signal “c” and a
pulse frequency of the pulse voltage of the PWM light control
at a value 1n the vicinity of a positive integral multiple or
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“positive mteger+2” times of the frequency of the vertical
sync signal “d” and a resonant frequency at a value 1n the
vicinity of a frequency of the driving pulse voltage “z” by
adjusting (calibrating) capacitance value of the stray capaci-
tance 33, even when changes in the frequencies of the hori-
zontal sync signal “c” and vertical sync signal “d” occur,
visual seeing of flicker and ripples caused by interference
between the driving pulse voltage “z” of the discharge tube 32
and the horizontal sync signal “c” on the liquid crystal panel
21 1s suppressed and degradation in the efficiency of the
discharge tube 32 1s prevented. Also, when the frequency
detecting circuit 25A set a frequency of the driving pulse
voltage “z” at a value 1n the vicinity of a positive integral
multiple of the frequency of the horizontal sync signal “c”,
the same advantage can be obtained.

It 1s apparent that the present invention 1s not limited to the
above embodiments but may be changed and modified with-
out departing from the scope and spirit of the invention. For
example, the liquid crystal display device of the embodiment,
as shown 1n FIG. 12, may be so configured that a switch 34 1s
provided between a power supply circuit 28 and a node
between a transformer driving section 29 and a transformer
30, and PWM light control 1s exercised by ON/OFF control of
the switch 34 by using a control signal “w” fed from light
controlling circuit 27. Moreover, the liquid crystal display
device of the embodiment, as shown 1n FIG. 13, may be so
configured that an oscillator 26 A, instead of oscillator 26
shown 1n FIG. 1, 1s provided and operations of the oscillator
26 A 1s controlled by the control signal “w” fed from the light
controlling circuit 27.

Furthermore, the resonant capacitor 31 of FIG. 1 may have
configurations shown in FIG. 14, in addition to those shown
in FIG. 4. As shown in FIG. 14, the resonant capacitor 31
includes capacitors 31a and 315, switches 31¢ and 314d. The
switches 31¢ and 314 are controlled ON/OFF according to a
capacitance setting signal “u”. The capacitors 31a and 315
may be used in parallel, alternatively, either of the capacitor
31a or 315 may be used. Moreover, the resonant capacitor 31
may have not only the configurations shown i FI1G. 4 or FIG.
14 but also configurations made up a plurality of circuits
shown in FIG. 4 or FIG. 14. Furthermore, the resonant capaci-
tor 31 may have configurations obtained by combining the
above components.

The present invention can be applied to all kinds of the
liquid crystal display panel having such a function, as a mul-
tisync function, of operating 1n a case when frequencies of a
vertical sync signal and horizontal sync signal contained 1n a
video input signal are changed, whenever necessary, such as
a multisync function. Even when frequencies of the vertical
sync signal and horizontal sync signal are changed, no ripples
are visually recognized and the discharge tube can be eflec-
tively Iit.

What 1s claimed 1s:

1. A liquad crystal display device comprising:

a liquid crystal panel to display an 1image according to a

video 1nput signal;

a light source to illuminate said liquid crystal panel when a

driving pulse voltage 1s applied; and

a light source driving circuit having a resonant circuit con-

taining stray capacitance that said light source has and a
resonant capacitor to exercise PWM (pulse width modu-
lation) light control by applying said driving pulse volt-
age whose Irequency 1s set at a value 1n a vicinity of a
resonant frequency of said resonant circuit intermit-
tently to said light source at a pulse frequency and at a
duty ratio set respectively for the PWM light control;
and
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wherein said light source driving circuit comprises a driv-
ing pulse setting unit to detect a frequency of a horizon-
tal sync signal and a frequency of a vertical sync signal
contained 1n the video input signal, to set/change the
frequency of the driving pulse voltage and the resonant
frequency of said resonant circuit in a manner to corre-
spond to a change in the frequency of the horizontal sync
signal, and to set/change the pulse frequency for the
PWM control 1n a manner to correspond to a change 1n

the frequency of the vertical sync signal.

2. The liquid crystal display device according to claim 1,
wherein said driving pulse setting unit sets the frequency of
the driving pulse voltage at a value at which flicker and
fringes caused by interference between the horizontal sync
signal and the driving pulse voltage are not visually recog-
nized on said liquid crystal panel and sets the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage, and sets the pulse frequency for the PWM light
control at a value at which the flicker and the fringes caused
by interference between the vertical sync signal and a fre-
quency pulse for the PWM light control are not visually
recognized on said liquid crystal panel.

3. The liquid crystal display device according to claim 2,
wherein said driving pulse setting unit sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M+142”
times (“M™": a positive integer) of the frequency of the hori-
zontal sync signal, the pulse frequency for the PWM light
control at a value 1n a vicinity of “N” times or “N+12” times
(“IN”: a positive integer) of the frequency of the vertical sync
signal, and the resonant frequency at a value 1n a vicinity of
the frequency of the driving pulse voltage by adjusting
capacitance value of the resonant capacitor.

4. The liquid crystal display device according to claim 2,
wherein said driving pulse setting unit sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M” times
(“M”: a positive iteger) of the frequency of the horizontal
sync signal, the pulse frequency for the PWM light control at
a value 1 a vicinity of “N” times or “N+%2” times (“N’”: a
positive 1nteger) of the frequency of the vertical sync signal,
and the resonant frequency at a value in a vicinity of the
frequency of the driving pulse voltage by adjusting capaci-
tance value of the resonant capacitor.

5. The liguid crystal display device according to claim 2,
wherein said driving pulse setting unit sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M+142”
times (“M”: a positive integer) of the frequency of the hori-
zontal sync signal, the pulse frequency for the PWM light
control at a value 1n a vicinity of “N” times or “N+%2” times
(“IN”’: a positive integer) of the frequency of the vertical sync
signal, and the resonant frequency at a value 1n a vicinity of
the frequency of the driving pulse voltage by adjusting
capacitance value of said stray capacitance.

6. The liquid crystal display device according to claim 2,
wherein said driving pulse setting unit sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M” times
(“M”: a positive mteger) of the frequency of the horizontal
sync signal and the pulse frequency for the PWM light control
at a value 1n a vicinity of “N” times or “N+12” times (“N™”: a
positive 1mteger) of the frequency of the vertical sync signal
and the resonant frequency at a value 1 a vicimty of the
frequency of the driving pulse voltage by adjusting capaci-
tance value of said stray capacitance.

7. A light source driving circuit being used for a liquid
crystal display device having a liquid crystal panel to display
an 1mage according to a video input signal and a light source
to 1lluminate said liquid crystal panel when a driving pulse
voltage 1s applied, and comprising a resonant circuit contain-
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ing stray capacitance that said light source has and a resonant
capacitor to exercise PWM (pulse width modulation) light
control by applying said driving pulse voltage whose fre-
quency 1s set at a value 1n a vicinity of a resonant frequency of
said resonant circuit intermittently to said light source at a
pulse frequency and at a duty ratio set respectively for the
PWM light control, the light source driving circuit further
comprising;

a driving pulse setting unit to detect a frequency of a
horizontal sync signal and a frequency of a vertical sync
signal contained 1n the video input signal, to set/change
the frequency of the driving pulse voltage and the reso-
nant frequency of said resonant circuit 1n a manner to
correspond to a change in the frequency of the horizontal
sync signal, and to set/change the pulse frequency for the
PWM control 1n a manner to correspond to a change 1n
the frequency of the vertical sync signal.

8. A light source driving method being used for a liquad
crystal display device having a liquid crystal panel to display
an 1mage according to a video input signal and a light source
to 1lluminate said liqud crystal panel when a driving pulse
voltage 1s applied, and comprising: using a resonant circuit
containing stray capacitance that said light source has and a
resonant capacitor, and exercising PWM (pulse width modu-
lation) light control by applying the driving pulse voltage
whose frequency 1s set at a value 1n a vicinity of a resonant
frequency of said resonant circuit intermittently to said light
source at a pulse frequency and at a duty ratio set respectively
for the PWM light control, the light source driving method
further comprising:

detecting a frequency of a horizontal sync signal and a
frequency of a vertical sync signal contained 1n the video
input signal,

setting/changing the frequency of the driving pulse voltage
and the resonant frequency of said resonant circuit in a
manner to correspond to a change in the frequency of the
horizontal sync signal, and

setting/changing the pulse frequency for the PWM control
1in a manner to correspond to a change 1n the frequency of
the vertical sync signal.

9. A liqud crystal display device comprising:

a liquid crystal panel to display an 1image according to a
video 1nput signal;

a light source to illuminate said liquid crystal panel when a
driving pulse voltage 1s applied; and

a light source driving circuit having a resonant circuit con-
taining stray capacitance that said light source has and a
resonant capacitor to exercise PWM (pulse width modu-
lation) light control by applying said driving pulse volt-
age whose Irequency 1s set at a value 1n a vicinity of a
resonant frequency of said resonant circuit intermit-
tently to said light source at a pulse frequency and at a
duty ratio set respectively for the PWM light control;
and

wherein said light source driving circuit comprises a driv-
ing pulse setting means to detect a frequency of a hori-
zontal sync signal and a frequency of a vertical sync
signal contained 1n the video mnput signal, to set/change
the frequency of the driving pulse voltage and the reso-
nant frequency of said resonant circuit 1n a manner to
correspond to a change 1n the frequency of the horizontal
sync signal, and to set/change the pulse frequency for the
PWM control 1n a manner to correspond to a change 1n
the frequency of the vertical sync signal.

10. The liquid crystal display device according to claim 9,

wherein said driving pulse setting means sets the frequency of
the driving pulse voltage at a value at which flicker and
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fringes caused by interference between the horizontal sync
signal and the driving pulse voltage are not visually recog-
nized on said liqud crystal panel and sets the resonant fre-
quency at a value 1n a vicinity of the frequency of the driving
pulse voltage, and sets the pulse frequency for the PWM light
control at a value at which the flicker and the fringes caused
by interference between the vertical sync signal and a fre-
quency pulse for the PWM light control are not visually
recognized on said liquid crystal panel.

11. The liquid crystal display device according to claim 10,
wherein said driving pulse setting means sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M+142”
times (“M”: a positive integer) of the frequency of the hori-
zontal sync signal, the pulse frequency for the PWM light
control at a value 1n a vicinity of “N” times or “N+%2” times
(“IN”’: a positive mteger) of the frequency of the vertical sync
signal, and the resonant frequency at a value 1n a vicinity of
the frequency of the driving pulse voltage by adjusting
capacitance value of the resonant capacitor.

12. The liquid crystal display device according to claim 10,
wherein said driving pulse setting means sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M” times
(“M”: a positive iteger) of the frequency of the horizontal
sync signal, the pulse frequency for the PWM light control at
a value 1 a vicinity of “N” times or “N+%2” times (“N’”: a

10

15

20

18

positive iteger) of the frequency of the vertical sync signal,
and the resonant frequency at a value in a vicinity of the
frequency of the driving pulse voltage by adjusting capaci-
tance value of the resonant capacitor.

13. The hiquid crystal display device according to claim 10,
wherein said driving pulse setting means sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M+14”
times (“M”: a positive integer) of the frequency of the hori-
zontal sync signal, the pulse frequency for the PWM light
control at a value 1n a vicinity of “N” times or “N+%2” times
(“IN”’: a positive integer) of the frequency of the vertical sync
signal, and the resonant frequency at a value 1n a vicinity of
the frequency of the driving pulse voltage by adjusting
capacitance value of said stray capacitance.

14. The liquid crystal display device according to claim 10,
wherein said driving pulse setting means sets the frequency of
the driving pulse voltage at a value 1n a vicinity of “M” times
(“M”: a positive iteger) of the frequency of the horizontal
sync signal and the pulse frequency for the PWM light control
at a value 1n a vicinity of “N” times or “N+12” times (“N™": a
positive 1iteger) of the frequency of the vertical sync signal
and the resonant frequency at a value 1 a vicimty of the
frequency of the driving pulse voltage by adjusting capaci-
tance value of said stray capacitance.
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